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Staff Analysis of Proposed Early Action for Climate 
Change Mitigation in California 

1. Early Actions Strategy Name and Proponent 

SUMMARY#  C13 
ID NUMBER:   EJAC 2/CAPCOA-6/ARB 2-3
TITLE:   SPECIFICATIONS FOR COMMERCIAL REFRIGERATION
PROPONENT: 2006 CAT REPORT, ENVIRONMENTAL JUSTICE ADVISORY 

COMMITTEE, AND CALIFORNIA AIR POLLUTION CONTROL 
OFFICERS ASSOCIATION 

2.  Staff Recommendation 

This measure was approved by the Board as an early action at its June 2007 hearing.  Based 
on further evaluation by staff, no change in the classification of this measure is recommended.  
The Board date for consideration of this item is anticipated in 4th quarter of 2010.   

This timing will allow staff the time necessary to complete inventory research1, interagency 
coordination, economic analyses, staff reports, stakeholder workshops, and public hearings to 
support the necessary regulation(s). 

3.  Early Action Description 

This early action strategy was extracted from the updated Climate Action Team (CAT) work plan 
entitled “Reducing Direct and Indirect Greenhouse Gas (GHG) Emissions from Stationary 
Refrigeration and Air Conditioning (RAC) Sources2”. 

The strategy involves regulatory measures to require supermarket leak tightness and advanced 
design requirements for new systems as well as energy efficiency measures for new and 
existing systems.  Direct and indirect emissions need to be considered together over the lifetime 
of the RAC equipment, so that choices made to reduce direct emissions (e.g., low-GWP 
refrigerants or standalone systems) do not adversely impact energy consumption and vice 
versa. 

Based on current technologies, commercially available solutions for leak reduction in retail food 
systems (which contain more piping, fittings, and valves than other types of systems), can 
support establishing a 5 percent maximum annual leak rate for new systems in 2011 and 2 
percent for new systems by 20163.  Currently it is estimated that the average leak rate for new 

                                           
1 Inventory work in this area is expected to be complete by late 2008. 
2 Direct GHG emissions refer to the high global warming potential (GWP) emissions of CFCs, HCFCs, 
and HFCs used as working fluids in RAC systems.  Indirect GHG emissions refer to CO2 emissions 
associated with electricity required to operate the RAC equipment. 
3 This strategy, which could be applied to all RAC systems over a given capacity, basically applies to 
retail food systems since other “large” systems currently have much lower leak rates than retail food 
systems, which have baseline leak rates of 15%.   
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systems is approximately 15 percent minimum.  The 5 percent maximum annual leak rate by 
2011 is based on industry estimates for controlling leaks in centralized direct expansion (DX) 
systems, which are the predominant systems currently being installed in retail food stores4.  To 
reach the proposed 2020 limit of 2 percent for the maximum annual leak rate, it is expected that 
indirect supermarket refrigeration systems will have to be adopted rather than low-leak or low-
charge DX designs or distributed systems.   

Additionally, based on commercially available technologies, the following energy efficiency 
improvements to reduce energy consumption in existing and new retail food stores are 
proposed: 10 percent reduction in energy usage from the current baseline in 2011 and 30 
percent in 20165.  These measures will be pursued in coordination with the California Energy 
Commission (CEC).  

The technologies required for leak reduction in retail food systems include the following: 
sensitive leak detection equipment, fixed leak detection methods, utilizing brazed (welded) joints 
instead of flanged or threaded (mechanical) joints, compressor vibration reduction, and 
improved or reduced numbers of Schrader valves.  Additionally, owners and operators of retail 
food systems would be required to adopt general policies to have full accessibility to all 
refrigerant pipe work. 

Technologies involved in advanced-design retail food refrigeration systems include reduced 
charge DX systems, distributed systems, secondary loop (indirect) systems, and CO2 systems 
(indirect, cascade, and trans-critical systems).  Advanced retail food refrigeration designs serve 
to reduce refrigerant charge (which is important in case of ruptures) as well as reducing leaks 
through shorter lines that employ fewer fittings. 

The improvement of energy efficiency of retail food systems includes the following technologies: 
evaporative condensers, high efficiency compressor designs, floating head pressure controls, 
heat recovery, ambient or mechanical sub-cooling, variable speed fans/motors, improved heat 
exchangers, hot gas defrost, adding doors or night curtains to display cases, energy-efficient 
reach-ins, anti-sweat heater controls, indirect or energy-efficient case lighting. 

4.  Potential Emission Reductions 

Estimated emission reductions of 4.7 MMTCO2E in 2020 are possible based on a growth rate of 
2 percent for new retail food systems in California (from the updated CAT Work Plan); this 
number only includes reduced leak rate designs for new systems and energy efficiency 
improvements for new and existing supermarket systems.  If closed cases or night curtains are 
required, further CO2 reductions are possible.  

The US EPA has indicated that statewide reductions of approximately 6.8 MMTCO2E in 2020 
are possible for various RAC strategies ranging from leak reduction and refrigerant recovery to 
indirect retail food ammonia systems6.  Their estimate includes measures, such as mandatory 

                                           
4 Industry estimates of improvements and target dates were obtained from European studies, and were 
presented by The Alliance for Responsible Atmospheric Policy (ARAP) in a meeting with ARB on 
10/10/06. 
5 Adding doors or night covers to display cases is not included in the energy reduction estimate, and is 
expected to result in even greater energy benefits if utilized. 
6 Obtained from subtracting out motor vehicle A/C reductions and distributing the national reductions to 
California using the 2005 population fraction of approximately 12.2%. 
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leak repair for existing systems, which ARB is considering separately.  Furthermore, the 
estimate of 4.7 MMTCO2E is a lower bound, as other measures such as mandatory 
reporting/repair/refrigerant deposit and return, are expected to increase the turnover rate of old 
systems and lead to further GHG reductions. 

5.  Estimated Costs/Economic Impacts and the Impacted Sectors/Entities 

The estimated cost of the strategies discussed in this evaluation are expected to be on the order 
of $10-$20/MTCO2E in 2020.  Estimates by the US EPA range from a savings of $3/TCO2E (for 
enhanced leak repair and refrigerant recovery) to costs of $10/MTCO2E (for installation of an 
ammonia-based indirect supermarket system).  Costs in the updated CAT report were estimated 
to be $14/MTCO2E, based on incremental cost differences of 20% between indirect systems 
and traditional DX systems. 

Cost-effectiveness will improve as contractors gain comfort with installation of indirect systems 
and energy saving devices, and as prices for such devices/system components drop with 
increased production. 

6.  Technical Feasibility 

Leak reduction technologies were obtained from industry estimates of possible leak tightness 
improvements.  Performance of advanced systems designs has been documented in US EPA, 
California Energy Commission (CEC), and Oak Ridge National Lab (ORNL) reports.     

Information on energy saving technologies were obtained from US Department of Energy 
(DOE), American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), 
and US EPA reports, and from presentations given by Charles Zimmerman (Wal-Mart), and 
Denis Clodic (ARMINES) at ARB’s International Symposium On Near-Term Solutions for 
Climate Change Mitigation in California on March 6, 2007. 

All leak reduction and energy efficiency improvement technologies appear to be proven 
commercially-available technologies; ARAP presented leak reduction technology to ARB based 
on European experiences with retail food systems, and Wal-Mart has employed advanced 
design refrigeration systems (secondary loop with heat reclaim) as well as other energy saving 
measures (LED lighting, closed cases, motion detection for lighting, machine room 
improvements) with aggressive energy efficiency goals of 25-30 percent reductions in 4 years. 

7.  Additional Considerations 

Given the necessary inventory research, technical complexity and stakeholder input process, 
staff believes this item could be developed into a regulatory proposal to be considered by the 
Board by the fourth quarter of 2010. 

The affected entities will be owners and operators of retail food (or similar built-up) refrigeration 
systems, as well as contractors/technicians who install/repair such systems and manufacturers 
of system components. 

A partial list of trade associations possibly impacted, either positively or negatively, by the 
regulation follows: ARAP (described previously), the Air-Conditioning and Refrigeration Institute 
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(ARI), ASHRAE, North American Technician Excellence (NATE), California Grocers 
Associations. 

Comments Received From:  DuPont Company. 

Coordination with the US EPA and CEC with respect to developing the regulation is ongoing. 

8.  Division:   Research Division
     Staff Lead:  Whitney Leeman
     Section Manager: Michael Robert 
     Branch Chief:  Tony Andreoni
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